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INTRODUCTION 

The Volunteer Citizens’ Lake Monitoring Program, which began in 
1988 as a pilot study on Lac Ste. Anne and Pigeon Lake and continued in 
1989 on Skeleton, Capt. Eyre and Buffalo lakes, has three main 
objectives: 1) to provide an opportunity for lakeshore property owners 
to learn first hand about water sampling procedures related to lake 
management; 2) to improve the existing water quality database for a 
particular lake, and 3) to encourage environmental responsibility among 
lake users. 

The program was conceived largely as a response to concerns 
expressed by lakeshore property owners that the water quality of their 
lake was deteriorating. There is a common belief that human activities 
in and around these lakes are contributing pollutants that lead to 
excessive algal growth, murky water and weeds. By actively participating 
in water quality monitoring of their lake, citizens increase their own 
environmental awareness and that of others, through discussions with 
relatives and friends. This in turn may lead to individual action to 
reduce pollutant loading, as well as recognition of the detrimental 
activities of others. In addition, the data accumulated during the study 
provides initial baseline data or enhances the existing database on lakes 
that would likely not be sampled that year (as for Lac la Nonne). The 
high sampling frequency (weekly or twice monthly) during the summer is 
particularly useful for assessing seasonal trends in algal SUNS ONS 

The focus of the sampling program was on water collection from 
the main, open part of the lake. It is much easier to assess and 


evaluate the overall status of a lake's water quality with composite 
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samples collected from the open water, rather than with individual 
samples collected from localized shoreline areas. The shoreline is very 
variable in terms of the amount of terrestrial and aquatic vegetation, 
effects of development, wind and wave effects, and presence of inflowing 
creeks. An open water sample represents a blending or synthesis of all 
these effects. We recognize, however, that lake users are very concerned 
about the impact of various activities on the stretch of lakeshore near 
their cottage. These concerns are valid and it is anticipated that 

Alberta Environment will conduct specific studies on certain lakes to 


address shoreline issues, provided resources are available. 


BACKGROUND: INDICATORS OF LAKE WATER QUALITY 
Phosphorus 

The poor water quality that occurs in many prairie and parkland 
aved lakes’ usually” results” from excessive quantities’ of available 
_ hutrients in the water. Aquatic plants - algae and the large water 
plants that people call weeds - need the same kinds of nutrients that are 
Supplied for farm crops or lawns. However, phosphorus rather’ than 
nitrogen is often in shortest supply for plants that live in lakes. This 
means that the algae that turn the water green in summer can grow only in 
proportion to the amount of phosphorus available. When the amount of 
phosphorus dissolved in the water is low, the water may not turn green at 
all. But in many lakes there is enough phosphorus and nitrogen to allow 
considerable growth of algae. Sources of nutrients to these Jakes 
include: 1) streams and small ditches that run through cottage 
subdivisions, agricultural land, and areas of natural vegetation; 2) 


rain, snow and dust that falls directly onto the lake; 3) effluent from 
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faulty or poorly placed sewage systems; 4) ponds or lakes upstream, and 
5) the mud or sediment at the bottom of the lake. The bottom sediments, 
in particular, may be a very large source of phosphorus to shallow lakes 


during the summer months. 


Chlorophy1] 1 


This is the pigment in all green plants. ig ES Getshy 
extracted from the algae suspended in a water sample, and therefore it 


can be measured and used to indicate the amount of algae in the water. 


Secchi Disk Transparency 
The 20 cm. black and white metal plate called the Secchi disk 


has been used for over 100 years to indicate lake water quality around 
the world. Lakes that are clear are the most attractive for recreation, 
whereas those that are turbid or murky are considered by lake users to 
have poor water quality. Often, the turbidity in the water is caused by 
masses of suspended algae. Related to this is euphotic depth, the depth 
of light penetration. Algae need light to grow, and therefore an 
actively growing population of algae will be found above this depth. The 
euphotic depth has been calculated to be about twice the Secchi depth, 
based on studies on several Alberta lakes in which a light meter was used 


to measure light penetration. 


CHARACTERISTICS OF LAC LA NONNE 
Lac la Nonne is located about 90 km northwest of the city of 
Edmonton and south of the town of Barrhead. Because it is near 


population centres, it is a well-used recreational lake. Physical 
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characteristics are presented in Table 1. The watershed surrounding the 
lake is quite large compared to the lake's area, and consequently the 
water residence time is relatively short. 

The main inflow stream, Majeau Creek, flows for much of the 
spring and summer, and water from Nakamun Lake flows into Lac la Nonne on 
rare occasions when precipitation in the area is high. Lac la Nonne's 
outflow, MacDonald Creek, enters the Pembina River. 

Lac la Nonne is deeper than many prairie and woodland lakes in 
central Alberta. The deepest area is located in the northwestern end of 
the lake (Figure 1). 

The water level of Lac la Nonne is fairly stable within its 
normal range of variation. It was slightly lower than average in 1988 
and 1989, but increased in 1990. The maximum level in 1990 was about 


0.7 m below the record high elevation, measured in 1974. 


METHODS 

In early July the project biologist from the Environmental 
Quality Monitoring Branch (EQMB) conducted a training session for the 
volunteers. Mr. Gene Hagen, a resident of Lac la Nonne, agreed to 
coordinate the program, and he conducted sampling with assistance from 
one or more volunteers. Sampling frequency was weekly or every two 
weeks, depending on weather conditions or preferences of the volunteers. 
It began on Lac Ja Nonne on July 8, 1990 and ended in mid-September. Six 
samples were collected over the summer. 

On each sampling day, volunteers in their own boat went to the 


deepest area of the lake and anchored. The Secchi disk was lowered into 
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DAY-USE AREA _ 
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Date of sounding : August 1961 


Geodetic elevation on date of 
sounding : 663.25m 
Lac la Nonne 
W/5th Mer. 


FIGURE 1. BATHYMETRIC MAP OF LAC LA NONNE. 
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Table 1. Physical Characteristics of Lac la Nonne. 


Area of lake (km*) 11.8 
Volume (m*) | 92.3 
Maximum depth (m) 19.8 
Average depth (m) 7.8 
Shoreline length (km) ZS) 
Drainage basin area (km*) 277 
Elevation (m) above sea level 663.25 
Water Residence Time” (years 18.5 


* The theoretical time a drop of water would stay in the lake, or the 
time required to fill a dry lake basin with natural inflows, minus 
evaporation. 


Source of Information: Atlas of Alberta Lakes. 1990. Edited by P. 
Mitchell and E. Prepas, University of Alberta Press, Edmonton. 


the water by means of a line marked in quarter-meter intervals. The 
precise depth that the disk disappeared from view was noted, and then it 
was raised until it could just be seen again, and this depth noted. An 
average for the two readings was the Secchi depth for that day. 

It has been estimated for Alberta lakes that sufficient light 
for algal photosynthesis penetrates to about twice the Secchi depth. 
This depth of light penetration is called the euphotic depth, and is 
estimated by multiplying the Secchi depth for a particular day by two. 

Water samples were collected with a long clear plastic tube 
marked in one-meter intervals. At each of approximately 10 random 
locations over the lake surface, the tube was lowered to the euphotic 
depth. A foot-valve in the end of the tube closed it off and the water 
in the tube was poured into a clean, rinsed plastic jug. Thus, for each 
Sampling day, the jug contained a composite of 10. tube-hauls of lake 
water, or 20 if it was necessary to collect two hauls at each site. 

The jug of sample water was brought back to the coordinator's 
cottage or other location. The jug was agitated, and water was poured 
into two plastic bottles. Three additional subsamples of water were 
poured off. Each of these subsamples was filtered to collect the algae 
from a known volume of lake water. The three filters and the two bottles 
of water were kept cold and returned to the EQMB in Edmonton for further 
processing and analysis. The filters were put into a solvent which 
extracted the chlorophyll a from the algae on the surface of the filter. 
One bottle of. lake water was submitted to the Alberta Environmental 


Centre in Vegreville for analysis of the mineral content, and the other 
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bottle was retained by EQMB staff for analysis of phosphorus, an 
important plant nutrient. 

In addition to lake samples collected by the volunteers, EQMB 
staff visited Lac la Nonne on one occasion. Using Hydrolab equipment, 
they measured temperature, dissolved oxygen, conductivity and pH at 1 m 


intervals from the surface to the bottom of the lake. 


RESULTS AND DISCUSSION 

Lac la Nonne is low in salinity, or mineral content. The 
dominant dissolved salts (technically called ions) are bicarbonate, 
calcium and sodium. Table 2 lists average values of the major ions and 
related variables for Lac la Nonne in 1990 and for other study years. 
These salts are present in various proportions and amounts in all lakes, 
and are derived from watershed soils, groundwater and precipitation. 
Within individual lakes, ion concentrations vary from year to year 
depending on the amount .of water inflow (dilution), evaporation 
(concentration) and the mineral content of the inflow water. Thus, the 
average data presented in Table 2 for conductivity, total dissolved 
solids, sulfate, bicarbonate and other ions vary among the study years. 

Lake surface to bottom profile measurements for temperature, 
pH, dissolved oxygen and conductivity were conducted on September 6, 
1990. On this day the temperature was nearly uniform from top to bottom 
(16°C) indicating that the lake was well-mixed (Figure 2). Dissolved 
oxygen concentrations declined rapidly below 10 m depth, but the lake 
water was wel l-oxygenated above about 6 m. Historical data for Lac la 


Nonne suggest that the water usually becomes depleted of oxygen near the 
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Table 2. Average concentrations of major ions, nutrients, chlorophyll a 
and other variables for Lac la Nonne in 1978-79*, 1988-89* and 


1990. Units are mg/L unless indicated otherwise. 


1978-79 1988-89 1990 
pH (range), pH units 7.4-9.0 7.8-9.2 9.2-9.5 
conductivity, pS/cm 280 Sis 298 
total dissolved solids 1533 ns 170 
calcium 30 32 30 
magnesium 9 9.8 10 
sodium 15 17 15 
potassium 7.4 9.8 9.6 
sulfate 13 14 1 
chloride <2 25 320 
bicarbonate 140 162 ies 
carbonate 9 10 25 
total hardness as CaCQ3 3 122 7 
total alkalinity as CaCO; 130 150 150 
Silica 28 3.0 hese 
fluoride 0.08 0.08 OZ 10 
iron - 0.01 <O0) 
number of samples 4 6 3 
Secchi depth, m 1.4 led 1S 
total phosphorus, mg/m? = 197 252 
chlorophyll] a, mg/m® 55 61 121 
number of samples 4 7 6 


*July - September averages. 


Data from Alberta Environment surveys. 
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FIGURE 2 PROFILES OF DISSOLVED OXYGEN AND 
TEMPERATURE IN LAC LA NONNE, 
SEPTEMBER 6, 1990. 
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bottom in summer and also in winter. The lake is deep enough that winter 
fish kills rarely occur, but there is always risk of summerkill because 
of the lake's high productivity. 

Total phosphorus concentrations were relatively stable over the 
1990 study er i@ed. CRG. Sys, whereas chlorophyll concentrations varied 
almost two-fold. The very high phosphorus levels in mid-summer probably 
result from a release or recycling of phosphorus from the bottom 
sediments. Most prairie lakes have a large supply of phosphorus stored 
in the bottom sediments; these sediments and their associated phosphorus 
have been accumulating since the lake formed 10,000 or so years ago. 
Under certain conditions, the stored phosphorus moves into the overlying 
water and provides a natural fertilizer for the algae growing in it. The 
high chlorophyl!] concentrations in Lac la Nonne reflect this increase in 
phosphorus. 

Transparency was low in Lac lla Nonne as a result of the 
abundant algal growth. However, there was little relationship between 
the chlorophyll] concentration and the Secchi depth on a particular day. 
The dominant species of algae in the lake, a _ blue-green called 
Aphanizomenon, may form elongated clumps that look like short grass 
blades. When this is abundant in the lake, the water may be fairly 
transparent, even though the chlorophyll level is very high. 

With an average chlorophyll] of 121 mg/m°® for 1990, Lac la Nonne 
is very highly eutrophic, or hyper-eutrophic (see Fig. 4). The average 
value shown on the graph is about 55 mg/m*® based on earlier studies. If 
the 1990 average were placed on this graph, it would equal the most 
productive lake of those studied in the province. However, the volunteer 


citizens’ lake monitoring data are Jlikely higher because’ the 
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FIGURE 3 CONCENTRATIONS OF TOTAL PHOSPHORUS 
AND CHLOROPHYLL a AND SECCHI DEPTH IN 
LAC LA NONNE, 1990. 
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program is conducted during the warmest (and greenest) part of the 
Summer, whereas for most of the other lakes, data are collected May 
through October. The phosphorus concentrations are very high, also 
indicating a hyper-eutrophic lake. 

Although Lac la Nonne is highly productive, with intense blooms 
of blue-green algae throughout the summer, there is no evidence that 
productivity is increasing. A statistical comparison of chlorophyl] data 
collected in 1978 and 1979 with those collected in 1988 and 1989 
indicates that chlorophyll levels have not increased. Unfortunately, the 
test cannot be run on phosphorus data, because data from 1978 and 1979 


are considered unreliable. 


CONCLUSIONS 

The Volunteer Citizens! Lake Monitoring Program was conducted 
on Lac la Nonne in 1990. The sampling period included six sets of 
samples collected between July 8 and September 13. The focus of the 
program was on indicators of fertility - chlorophyll a, total phosphorus 
and Secchi depth. 

Lac la Nonne is very highly productive, with average 
chlorophyll levels that exceed those of most other lakes studied in the 
province. It is not possible to determine how much human development and 
agricultural activities in the watershed have influenced water quality in 
this lake, but it is known that the bottom sediments supply a large 
amount of phosphorus to the lake water during the summer - perhaps more 
than the supply from all sources outside of the lake over a year. 


Because phosphorus (and nitrogen) levels in the lake water largely 


Gh 


determine the amount of algal growth, the internal supply of phosphorus 
may be considered a natural source that governs recreational water 
quality in Lac la Nonne. 

The sampling program was very successful, and Mr. Hagen and his 
assistants did an excellent job of sample collection and processing. The 
data will be used to compare with other lake's data collected in 1990 and 
as part of a long-term database on Lac la Nonne, so that trends in water 


quality in this important recreational lake may be detected. 
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